Ponce, the second largest city in Puerto Rico outside of the San Juan metropolitan area, is home to some 92,000 people and one of the largest commercial ports on the island as well as several industrial facilities, which provide jobs for many area residents. In addition the waters in and around the bay support both commercial and recreational fishing enterprises. Ponce also has a rich historic and cultural heritage, miles of sandy beaches, and several beachfront recreational facilities including resort hotels, restaurants, private marinas and an amusement park. Wastewater management for the city and surrounding municipalities is provided by the Ponce Regional Wastewater Treatment Plant (PRWWTP) which is one of over one hundred treatment plants owned and operated by the Puerto Rico Aqueduct and Sewer Authority (PRASA) many of which are located along Puerto Rico's 460 miles of coastline.
Background
The PRWWTP originally built in 1970, provides primary treatment for an average design flow of 18 MDG of combined domestic and industrial waste. Prior to this project plant effluent was discharged by gravity into the shallow waters of the Bay of Ponce through a 5,000-foot long, 72" diameter concrete outfall pipe. In 1972, with the passage of the Federal Clean Water Act, the U.S. Government required that all publicly owned treatment works provide a minimum of secondary treatment to protect public waterways from wastewater discharges. However, through Section 301 (h) of the Clean Water Act of the Government also recognized the tremendous dilution and assimilative capacity of deep ocean waters by providing the opportunity for a site-specific waiver of secondary treatment.
A 301 (h) Waiver allows coastal communities to discharge less than secondary treated effluent to deep ocean waters provided that such discharges meet all applicable water quality criteria and do not harm sensitive marine communities such as coral reef an fish spawning areas.
The regulatory requirements for authorization of a waiver under Section 301 (h) are so stringent in order to adequately protect the environment, that is has bee called " the decathlon of environmental testing".
Based on the significant cost savings and superior environmental protection of sensitive near shore marine habitats offered by a deep ocean outfall, and in spite of the extremely stringent regulatory requirements PRASA decided to proceed with this milestone project. PRASA enlisted the services of the consulting engineering team of Vincenty, Heres y Lauria and Malcolm Pirnie, Inc., (VHL/MPI) and the construction firm of Misener Marine Construction, Inc., (Misener) to complete the project. VHL/MPI provided complete consulting services including environmental and technical feasibility studies, regulatory coordination, detailed design and construction management services. Misener and its subcontractors Longo de Puerto Rico (Longo) and Constructora de Hato Rey (CHR) were selected as the construction team with the experience, expertise and resources necessary to construct this challenging project. Thanks to the dedication of all involved, the design and construction of the outfall and associated pump station are now completed and the outfall is in full operation. This paper provides details of some of the most interesting and innovative aspects of the initial investigations, detailed design and construction of this unique project.
In 1979, under the mandated of the Clean Water Act, PRASA applied for a waiver of secondary treatment based on discharge through the existing 72" diameter outfall at the plant. This application was tentatively denied by the USEPA in 1985 because the existing discharge was located in the shallow waters of the bay and provided insufficient protection of the marine environment. PRASA reapplied for a waiver in 1989, proposing that the existing discharge be extended out over the island shelf into deeper water. The USEPA subsequently allowed PRASA the opportunity to investigate such an option but required that they show not only that such a discharge would be environmentally acceptable but also that construction of such an outfall was technically feasible.
PRASA with the help of VHL/MPI developed a program of scientific investigations designed to show that a deep ocean outfall would meet all regulatory requirements and could in fact, be built in Ponce. The program included:
• Seafloor Surveys.
• Wave Force Analysis.
• Effluent Diffuser Modeling.
• Ambient Water Quality Sampling and Analysis.
• Beach Erosion Studies.
Seafloor Surveys
A complete field reconnaissance program was carried out in two phases. The first phase was designed to identify potential outfall routes and discharge locations based on physical sea floor topography and morphology. Review of USGS and NOAA charts helped identify several large areas of the island shelf edge escarpment that might provide a constructable outfall alignment. An initial bathymetric survey of these areas was conducted which led to the selection of three potential outfall routes and two possible discharge locations. Detailed bathymetric, sidescan sonar and visual surveys using a remotely operated vehicle (ROV) were then conducted along each route. Sidescan sonar surveys provided essentially full floor coverage of each alignment corridor and when correlated with visual and bathymetric data provided significant details of sea floor sediment morphology and topography. At the time of this survey conventional global positioning and control.
The second phase of the reconnaissance program was designed to establish the geotechnical characteristics of subsurface materials, obtain additional survey data for detailed design and collect hydrodynamic and water quality data to support modeling efforts. The program included additional bathymetric sidescan and ROV surveys as well as piston coring of soft sediments and rotary drill coring of harder subsurface materials. Piston coring was performed in water depths of up to 600 feet with core penetrations up to 30 feet to provide sample for geotechnical testing and evaluation. The results of the field reconnaissance helped identify a preferred route along which construction was beleived to be technically feasible.
The selected route breaches a continuous line of beachrock as it leaves shore, traverses the shelf through inshore muds in excess of 30 feet thick transitioning to a carbonate rock platform approximately 8,700 feet from shore. The outfall continues across the island shelf until it reaches the shelf edge at approximately 7,550 feet from shore. The outfall proceeds over the shelf edge and down the escarpment at slopes up to 20 degrees and terminates at 400 feet depth.
Wave Force Analysis
The Island of Puerto Rico is located in the heart of the Caribbean's "Hurricane Alley". The occurrence of large and persistent winds driven waives that could severely damage an ocean outfall is all too common in this region. Evaluation of the sea floor forces generated by these waves was a critical factor in the design of an outfall that could weather these storms. The wave force evaluation included computer modeling of wave forces and refraction analysis for the entire Bay of Ponce. The modeling was conducted for storm driven wave heights as high as 60 feet predicted for a category 4 hurricane (the 100 year storm).
The modeling results showed that the greatest wave that would occur at the tip of the island shelf edge escarpment at sea floor depths ranging from approximately 50 to 100 feet. Due to the magnitude of the forces predicted on an exposed pipe at this location as well as those from smaller waves on the shelf, the designers decided to bury the pipe in a shallow trench across the shelf and over the edge of the escarpment to a depth of 120 feet to limit its exposure to the excessive wave forces. Below 120 feet the wave forces drop off dramatically allowing the outfall to be placed directly on the sea floor down the remainder of the escarpment to 400 feet.
Diffuser Modeling and the Mixing Zone
A 301 (h) waiver authorization requires that the discharge meet all applicable local water quality limits.
The Puerto Rico Environmental Quality Board, the local agency responsible for regulating island wide water quality, requires the authorization of a mixing zone for wastewater discharges to marine waters. The mixing zone is a limited volume around the discharge within which local water quality criteria may be exceeded. At the edge of the mixing zone however, all local water quality criteria must be met.
A diffuser depth and design had to be selected that would provide both adequate dilution given the local ambient water quality, hydrodynamic and sea floor characteristics and also be are not practical on a sea floor slope of 20 degrees. In addition to being difficult to construct, torsional forces on the connection point to the trunk on the "TEE" design would be prohibitive and therefore an in-line diffuser configuration was required. An in line diffuser however complicated the hydraulics since each port would be at a different depth and thus require varying orifice diameters to insure equal flow distribution at all discharge flows. The varied depth of the ports also required consideration of the potential for flow reversal in the lower ports during low flow periods that could draw sediment and debris into the outfall. Three dimensional computer modeling of several different diffuser configurations an discharge depths under a range of hydrodynamic conditions led to the selection of the unique "staircase" diffuser design and a minimum discharge depth of 400 feet.
The in line diffuser consists of a 48 inch diameter section 150 feet long, with 4 equally spaced 36 inch vertical risers each with three p orts discharging horizontally. One port on each riser discharges down slope along the axis of the diffuse while the two are diametrically apposed discharging perpendicular to the axis of the diffuser. This configuration and depth of discharge insured that the individual plumes would not merge and that the plumes will be trapped below about 120 feet depth, well below the shelf edge. Elimination of plume merging maximizes dilution and trapping of the plume below the shelf edge eliminated the possibility of t he waste being carried inshore toward the beach and sensitive marine environments by prevailing surface currents.
Ambient Water Quality and Biological Studies (Clean Techniques)
While the degree of mixing provided is determined through diffuser modeling the degree of mixing required is a function of the ambient water quality, the effluent water quality and the applicable local water quality criteria. Determination of the mixing requirements required sampling and analysis of both the ambient receiving water quality and the plant effluent. The local water quality criteria include limits on conventional parameters, pesticides, toxic organics and metals. The metals limits are extremely stringent and in most cases exceed the detection limit of conventional a nalytical methods. The USEPA subsequently required the use of newly developed "clean techniques" for sampling and analysis. These techniques include special protocols and equipment for sample handling and collection as well as new sample concentration and analysis procedures which must be conducted in a laboratory "clean room" to provide the extremely low detection limits necessary.
In addition, to the physical and water quality data collected a series of biological investigations were performed to assess the biological diversity and health of the local marine community in and around the bay. These studies included, detailed coral surveys of nearby reef structures, benthic sampling, species identifications and enumerations, and video surveys of marine biota along the outfall route and in the vicinity of the discharge.
Beach Erosion
In addition to the potential threat of damage from large hurricane wind driven wave breaking at the shelf edge there is at threat to the outfall at the shore. The possibility of surf zone erosion of the beach and undermining and exposure of the outfall, particularly where the outfall reached the beachrock, was a significant concern. Undermining of the pipe support could result in pipe failure and effluent discharge at the beach. A detailed beach erosion study was performed in which both new and historic data on beach sands and shoreline. The studies showed that while the net movement of the shoreline over the past 50 years has been limited, short-term changes could be significant requiring that the outfall be placed quite deep. The evaluation also identified the importance of replacing the beachrock excavated at the shoreline to eliminate concentrated localized corrosion of loose backfill material and undermining of the outfall through normal surf zone wave action.
All of these investigation helped provide the information necessary to prepare the Environmental Impact Statement, the Mixing Zone Evaluation and the Technical Feasibility Report which convinced the USEPA that a deep ocean outfall was environmentally, economically and technically the best solution for wastewater management at Ponce.
Critical Design Aspects
Several critical design requirements were identified that helped guide the detailed design of the outfall and associated pump station. The need to keep objectionable floatable material that might be washed through the plant from being discharged and floating to the ocean surface led to the use of automatically cleaned fine screens on the influent to the pump station. Protection from the possibility of pipe floatation or increased buoyancy that could increase the outfall vulnerability to wave forces led to provisions for minimizing air entrainment at the pump station, periodic air relief valves along the outfa ll length and the use of a heavy concrete weight coating on the pipe. The need to allow construction of the outfall from both ends to meet at the upper edge of the escarpment led to the design of a unique telescoping joint at the edge of the escarpment. The need for surge protection in such a long outfall led to the design of a unique surge relief bypass around the pumps. This bypass allows water from the wet well to be drawn into the outfall in the event of power failure which, at high flows, could produce potentially damaging negative pressures and water hammer.
The outfall system was designed for a peak flow of 44 MGD to accommodate future plant expansion and includes a pump station located at the plant which houses and effluent parshal flume, four automatically cleaned Rotamat TM screens by Lakeside and four 250 HP variable speed drive submersible pumps by Flygt TM . Pumping is controlled both by flow measured at the flume as well as by ultrasonic level sensors in the wet well. The wet well itself is designed to eliminate entrainment of air into the outfall to the greatest extent possible. Flow into the wet well is directed over a smooth baffle plate to minimize turbulence and splashing and the wet well is designed to limit vortexing and allow entrained air bubbles to rise to the surface rather than being carried into the outfall.
The outfall itself is a combination of 48" nominal inside diameter reinforced concrete cylinder pipe (RCCP) and flanged weight coated steel pipe. The use of RCCP reduced costs and simplified construction in hard ground areas where the pipe could be properly bedded in a trench. The additional strength of steel pipe was necessary in the critical areas of the inshore muds, where the pipe was designed to essentially float in the soft material, and down the escarpment where the outfall would lay exposed on the sea floor.
Thanks to the dedication, talent and commitment of all involved and in spite of all the hardships encountered during construction of this one of a kind project the Ponce Deep Ocean Outfall has been successfully tested and finalized. That however, is not the end of the story; one more chapter has yet to be written. Once on line the EQB and USEPA require an intensive year long monitoring program be initiated to validate the mixing zone and confirm that all applicable water quality criteria are being met. Preparations for this sampling program are underway and the results will no doubt to be the topic of future articles and presentations. We are confident that the results will be the final confirmation that he design and construction of a deep ocean outfall is indeed the most cost effective and environmentally sound solution for wastewater management in Ponce.
